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automation from a quality point of view is 0.005 trouble cases per vehicle. A more
detailed examination of the operations with regard to quality aspects revealed that
the assembly stations of roll forming tailgate as well as roll forming of doors cause
this difference. This is attributed to the robotic station, which allows only a very
small tolerance for assembling. If this tolerance margin is not kept, the robot is not
able to react appropriately, because an automatic station is not flexible enough to
compensate for abrupt tolerance variations. In order to achieve better quality, an
improvement to the adjustment of the robot, more appropriate maintenance of the
robot, or a further development of the roll forming tool for robots should be
investigated.

Golf A5 Z‘l’ft’g oo Golf A5
Wolfsburg Wolfsburg Uitenhage
Optimal level of automation of Assembly Parts
Index
AP1  AP2 AP3 AP1 AP2 AP3 AP1 AP2 A3P
Cost 1 4 4 3 4 4 5 5 7
Quality 3 4 4 3 4 1 3 4 1

Productivity/flexibility 1 2 4 2 3 4 4 4 6

Present automation
level

Recommended
automation level

Figure 11: Optimal levels of automation

For Assembly Part 2, the determination of the optimal level of costs and quality
delivers the same level of automation as the optimal - level 4. However, the actual
level of automation is level 1; and in productivity terms, levels 1 and 2 demonstrate
the best options. But level 4 shows rising productivity compared to a decreasing
number of units. And, additionally, it provides better flexibility because the
operations are done manually and can be modified easily. Therefore, the actual
level of automation in Assembly Part 2 has to be de-automated to reach the total
optimal level - but the improvement of the quantity indices has to be considered.

For Assembly Part 3, the results of costs, quality, and productivity are also the
same, which is level 4, whereas the actual level of automation is 1, indicating that a
lower automation level is to be preferred for this operation.

4.2 Production of the Touran model at Auto5000 GmbH in Wolfsburg

In the Auto5000 GmbH, for Assembly Part 1, level 3 is the optimal level with regard

to costs and quality, whereas the actual level of automation is level 4. Regarding
flexibility and productivity, level 2 is optimal. Since the cost and quality indices
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point to a lower lever of automation, Level 3 is recommended for Assembly Part 1
(Figure 11).

As for Assembly Part 1, in Assembly Part 2 the optimal levels of automation
regarding cost and quality correspond to each other. But for this Assembly Part,
level 4 represents the actual level of automation. Although the
productivity/flexibility index points to higher automation (level 3), keeping the
present method of production is recommended. So Assembly Part 2 is optimally
designed.

For Assembly Part 3, the results of costs (level 4) and quality (level 1) do not
correspond, which is the main concern. It appears that even with the extensive
training programme that takes place at the Auto5000 plant, consistent quality is not
possible without automation for this assembly process. Concerning productivity,
levels 3 or 4 are the optimum. Based on the results, Assembly Part 3 should be
automated to level 3 to improve quality.

4.3 Production of the Golf A5 model in Uitenhage

For the production site in Uitenhage, all the Assembly Parts have similar
discrepancies for all the indices. The quality index points to a higher level of
automation, while the cost and productivity indices show that the present methods
are the most economical. The above-mentioned argument -that manual assembly is
as good in quality terms as automatic assembly, or even better - is not valid for the
manufacturer in Uitenhage. For example, a comparison of the assembly of roll
forming tailgate and doors in Uitenhage and at the Auto5000 GmbH shows that
0.101 more trouble cases per vehicle are recorded in Uitenhage. The reasons behind
the poor quality of the manual operations will have to be investigated. In this study,
it is assumed that quality can be raised to levels similar to the other production
sites. Therefore, it is recommended that the levels of automation of the Assembly
Parts not be changed, but that quality issues be investigated and improved.

5. SUMMARY

In this research, the assembly lines of three different production sites of VW AG -
the Golf A5 assembly line in Wolfsburg, the Touran assembly line in the Auto5000
GmbH in Wolfsburg, and the Golf A5 assembly line in South Africa - were analysed to
find the optimal level of automation in order to recommend the best automation
strategy for a production site.

The methodology is based on obtaining the optima for the costs, quality,
productivity, and flexibility indices by examining all possible production methods for
a particular process at a particular plant location. The optima are then compared,
and if found to be the same, the production process is considered to be optimally
designed. If the optima do not correspond, the necessary adjustments are made to
find the best solution. This approach combines all the major factors of the
production system and product quality in order to achieve a good balance in
designing and optimising manufacturing processes. Although the cost optimum is the
basis of the analysis, other factors such as quality and flexibility also play an
important role in decision-making.
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The study of the Golf A5 assembly line in Wolfsburg illustrates that the examined
Assembly Parts 2 and 3 have to be de-automated to achieve the optimal level of
automation. Assembly Part 1 is optimally designed; however, quality improvement is
required. The actual level of automation in Assembly Part 2 has to be de-automated
to reach the total optimal level, but an improvement in the quantity indices has to
be considered. In Assembly Part 3, the actual level of automation also has to be de-
automated to reach the optimal level. Quality issues, as well as modifications in
quantity, should also be kept in mind.

The examined Assembly Parts in the production site of the Auto5000 GmbH in
Wolfsburg have to be automated according to the results obtained. This conclusion
is valid for Assembly Parts 1 and 3, which have to be automated from their present
levels of automation to reach an optimal level. The necessary variations in quantity
have to be considered in both Parts. Additionally, in Assembly Part 3 quality
improvements are needed. The actual level of automation in Assembly Part 2
represents the total optimal level of automation with regard to all indices. So this
process is already optimally designed.

The existing levels of automation in the Golf A5 assembly line in Uitenhage are
optimally designed according to the obtained results. However, especially from the
point of view of quality, the processes have to be improved. The product at
Auto5000 GmbH illustrates that manual assembly with high quality is possible in
practice. So the manufacturing process in Uitenhage has to be adapted in order to
produce better quality in the actual and optimal level of automation.

This technique is valuable for decision-making about the best automation strategy
for new systems, or for optimising existing production systems with regard to
automation/de-automation without compromising the high quality of products. The
analysis is based on prior information of similar production systems with respect to
cost and productivity. Some assumptions in terms of quality would be needed in
case new processes are introduced.

The case study demonstrated that fully automated as well as completely manual
processes are not the optimal in automotive assembly. It was also shown that the
fictitiously determined levels of automation, consisting of automated and manual
stations, are a better option if the combined effects of cost, quality, and flexibility
are considered. This means that both long-term vision and logical procedures are as
important as the efficient design of assembly lines to guarantee an efficient
manufacturing process.
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